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Infections of the middle ear and of the sinuses which communicate 
with the nose are favored by the efforts of men to force open the 
Eustachian tubes during compression, which factor also accounts 
for most of the infrequent cases of epistaxis in caisson work. 

In the use of the diving helmet, however, bursting of the air 
tube may cause epistaxis, ecchymoses, ruptured eardrums, etc., 
by the cupping effect of sudden removal of pressure from the upper 
part of the body. 

Cystitis, pyelonephritis, myelitis, and meningitis may occur 
as sequels of cord injury, but are not properly among the acute 
effects. 

Conclusion. In a paper so limited little more than an outline 
of the acute effects of aeropathy is possible. In conclusion there¬ 
fore I would report what is I believe the first analysis ever made 
of the gases found in the right heart of a man who died from the 
effects of this disease. 

November 19, 1907, with the assistance of Dr. J. E. McWhorter, 
we collected 3.1 c.c. of gas by aspiration from the right heart at 
the autopsy, fourteen hours post mortem, of a man who died in 
one hour after a seventeen minute decompression, following eight 
hours’ exposure to +30 pounds pressure. Upon analysis this gas 
yielded nitrogen 80 per cent., CO* 20 per cent., which percentages 
are in accord with analyses made in animal experiments by various 
writers on this subject. 
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THE LATE MANIFESTATIONS OF COMPRESSED-AIR 
DISEASE . 1 

By Peter Bassoe, M.D., 

ASSOCIATE Pnoreason OP NEBVOGS AND MENTAL DISEASES IN BUBU MEDICAL COLLEGE, 
CHICAGO, ILLINOIS. 


In this paper attention is called to the ailments met in com¬ 
pressed-air workers years after the exposure and acute manifesta- 

> This work was partly conducted under a grant from the Otho S. A. Sprague Memorial 
Institute. Read before the XVth International Congress of Hygiene and Demography in 
Washington, September 24, 1912. 
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tions. The material is practically the same as that which formed 
the basis of the article on compressed-air disease in the “Report 
of the Commission on Occupational Diseases of Illinois ” (published 
in Chicago, 1911). An abstract of this report, read before the 
Chicago Neurological Society,* is as follows: 

“Some of the men examined had had their acute attacks many 
years ago; others during the present year. Of the 161 men, 87 
had various affections of the ears, causing permanent impairment 
of hearing in 65 cases; 141 gave a history of “bends/’ that is, 
severe muscular and articular pains; 34 had paralysis, most generally 
transient and affecting the legs, although 3 men have permanent 
partial paralysis of one arm and 3 of both legs; 11 present more 
or less chronic joint pain and stiffness. One of these men who 
developed an affection of the hip immediately after working his 
second shift in compressed air twelve years ago has been an invalid 
ever since, and presents the typical x-ray picture of arthritis 
deformans. He had been in perfect health before these two expo¬ 
sures to compressed air. One man with signs of caisson myelitis 
had a spontaneous fracture of the patella eleven years after the 
acute attack which had consisted of numbness in both lower 
extremities, followed by pain; 12 men now present signs of some 
degree of permanent cord disease; 13 were delirious or unconscious 
during the acute attack; 33 complained of vertigo as a prominent 
symptom; 6 of vomiting during the acute stage; 11 of incontinence 
or retention of urine; 5 had numbness without paralysis; 6 had 
“blind staggers,” that is, labyrinthine vertigo, with nystagmus; 
2 had “chokes.” Several men gave a history of large swellings 
of the soft part of the chest wall or in the vicinity of joints. Bassoe 
had not seen them at this stage, but agrees with Heller, Mager, 
and Schrotter that the swellings are due to vasomotor disturbances 
of central origin, not to local liberation of gas (tumeurs gazeuses), 
as has been claimed by French wTiters. He considers the nitrogen- 
bubble theory of Paul Bert fully proved by both the observations 
on human beings and the abundant experimental work recorded 
in the literature. The cases treated by immediate “recompres¬ 
sion” had fared much better than those not so treated.” 

Early in 1912 a number of these men were subjected to renew’ed 
and more thorough examination. They naturally group themselves 
in three classes, which will be taken up separately and illustrated 
by case records: 

I. Cases in which spinal cord symptoms predominate: “caisson 
myelitis. ” 

II. Cases of permanent joint affections, with the clinical and 
z-ray picture of arthritis deformans. 

HI. Cases of permanent ear affections. 


* Jour. Nerv. and Ment. Dia., June, 1911. 
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Naturally some men present symptoms belonging in two or 
all three of these classes, hut, as a rule, one set of symptoms 
predominates. 

Class I. Cases of “Caisson Myelitis.” 

Group A. Cases with signs of trophic osteo-arthropathies dependent 
on the cord lesions. 

Case I (Illinois report. Case 23). —Attack of “bends,” with 
numbness of legs and stiffness of knees, in 189S; spontaneous 
fracture of patella in 1909; porosis and atrophy of fragments; 
fracture of external tuberosity of humerus in 1911. Signs of cord 
disease. 

Male, aged forty years. Fourteen years ago he worked on Oak 
Street Water Tunnel, in eight-hour shifts. Pressure, twenty- 
eight to thirty-two pounds. After working for a week he had the 
first attack of “bends.” Decompression three and a half to five 
minutes. Five and a half hours later was taken with numbness 
and cold feeling in both lower extremities from the hips down, 
followed by severe pain for six or eight hours and stiffness in the 
right knee. He returned to work in two days and then the knee 
felt better, but it has never been well since. In January, 1909, 
on getting up from a chair, the right patella was fractured and an 
abscess formed. He was laid up for five months. In August, 
1909, he fell four feet and cut the skin over the right knee. On 
another occasion, on coming out from the lock, he had bleeding 
from the nose and ears. He returned to the lock and the trouble 
stopped. He has also worked on the Illinois Tunnel and the Four 
Mile Water Tunnel without trouble. He denies syphilis, but 
admits gonorrhea. He states that from the time of the acute 
attack of “bends” until the patella w*as fractured he had only 
slight pain. 

Examination in October, 1910: Pupils normal. The right knee 
is stiff; there is a scar across it and there is palpable evidence of an 
old fracture of the patella. Ankle jerks absent; left knee jerk 
absent; right knee jerk cannot be tested on account of limitation 
of motion. On stroking the sole of the foot extensor response of 
the right big toe is obtained, and flexor response on the left side. 
Sensation normal. No sphincter disturbance. 

Dr. Hollis E. Potter took an rr-ray picture of the right knee and 
reports the following findings: “Fracture of the right patella 
at a point just below the middle of the bone. Diastasis of frag¬ 
ments of two inches. A third and smaller fragment lies between 
the two main portions. The lower fragment is elongated at the 
point of rupture. All surfaces of the fragments as now seen are 
rounded off, leaving no angles or corners. All fragments show 
porosis and bone atrophy. ” 

In the spring of 1911 he fell on the floor on his left hand and 
sustained a fracture of the greater tuberosity of the humerus. 
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He admits rather heavy drinking, which probably accounts for 
an enlargement of the liver, which was quite marked when he was 
reexamined in April, 1912. Then the right knee was found to be 
more freely movable, while there was slight limitation of motion 
at the right ankle. The knee and ankle jerks were now obtained 
on both sides, the former even exaggerated. The right knee jerk 
was stronger than the left, and the right-sided Babinski sign 
persisted. No ataxia. Sensation normal. Blood pressure equals 
150 mm. of mercury. Urine normal. 

Case II (Illinois report, Case 59). —“Bends” in right knee in 
1890; lame ever since; looseness of patella, with atrophy of bone; 
disturbances of reflexes and sensation. 

(Cousin of Case I.) Male, aged forty-five years. Twenty years 
ago he worked on the Four Mile Tunnel at a pressure up to twenty- 
five pounds. He had several light attacks of “bends,” and then, 
after he had been in the tunnel at a pressure of twenty-five pounds 
for about twenty-five minutes, he was taken with nosebleed, and 
five minutes later with bleeding from the left ear. He went out 
through the lock in one. or two minutes, and on coming out bled 
from both ears. While still in the lock he had severe pain in the 
left temple and the left side of the forehead. After coming out 
the pain was less severe, but he was dizzy. Twenty-four hours 
later he was taken with severe pain in the right knee, which lasted 
for seven months. He was in the Cook County Hospital and two 
other hospitals on account of the pain, which later particularly 
involved the left knee and left arm. Twenty-seven months after 
the onset he went to work as an elevator man in the Cook County 
Hospital. He did this work for three months and gradually im¬ 
proved. Three years ago he tried to work in compressed air at 
Gary, Indiana. The pressure was seventeen pounds, and he only 
worked one shift, as he developed a peculiar sensation in the left 
arm. 

He still limps, dragging the right leg. In the spring of every year 
he has more pain, and he then often has noticed that the right 
patella appears to be very loose. The left arm is numb in the 
region of the elbow. He has had no sphincter disturbance. He 
works most of the time, but can only do lighter work. 

The watch-tick is heard at two inches in the left ear and at four 
inches in the right ear. Wrist jerks are absent, the elbow jerks 
diminished; abdominal reflex not obtained. The right cremasteric 
reflex is stronger than the left; the knee jerks are increased; the 
plantar reflexes are normal. The right ankle jerk is diminished; 
the left not obtainable. Tactile and pain sense are moderately 
diminished in both legs, especially on the outer surfaces. The right 
lower extremity is two inches shorter than the left, and the cir¬ 
cumference of the right thigh is two inches less than that of the 
left, while the circumference of the right calf is only one-half inch 
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less than that on the left sitle. The right patella is slightly more 
movable than the left. 

On account of the looseness of the right patella the patient was 
referred to Dr. Hollis E. Potter for 2 -ray examination of the right 
knee. Dr. Potter’s report is as follows: “The noticeable feature 
is a lateral widening of the upper face of the tibia, allowing a pro¬ 
jection of one-half inch of this bone beyond the articular surface 
of the femur. It is difficult to account for this, since all profiles of 
both bones are smooth and regular, excepting a slight roughening 
of the inner condyle of the femur on its articular surface, suggesting 
cartilaginous loss. Slight atrophy of patellar borders.” 

Many years ago he injured the right eye in a dynamite blast, 
and the right pupil has been dilated ever*since. Formerly the 
pupils were equal and the eyes normal in every way, according to 
the patient’s statement. 

Case III (Illinois report. Case 37). —Repeated attacks of “bends” 
for twenty-seven years; paralysis and incontinence in 1910; signs 
of cord disease; islands of atrophy and of sclerosis in tibia. 

Male, aged forty-six years. He has worked in compressed air 
in various places since seventeen years of age. Had “bends” 
lightly in New York and New Jersey, worse in Cleveland, where 
the pressure was forty-eight pounds, and where he worked in two- 
hour shifts, at intervals of four hours. After exit in four minutes 
he was taken with severe pain in the legs and arms and was in a 
hospital for four weeks. He could not stand high pressure well after¬ 
ward ; developed the “ bends ” again, and left Cleveland. When work¬ 
ing on the Four Mile Tunnel in Chicago, at a pressure of twenty- 
seven to thirty pounds, he had slight “bends” after coming out 
through the lock in about three minutes, and he had to abstain from 
working for three days on account of the pain. In 1910 he worked 
at Hibbing, Minnesota, where an ore shaft was sunk. Pressure, 
thirty-eight to forty pounds. After his first shift of two hours on 
January 20, he came out through the lock in about one and a half 
minutes, although the posted order of the company was that the 
time should not be less than fifteen minutes. But there was a 
“green” lock-tender. Immediately after exit he had severe pain 
in the abdomen and extremities, could not walk, and at the same 
time the left ear-drum was ruptured, with bleeding from the ears. 
He was placed in the hospital lock, without relief; then he had a 
hot bath, and was placed in the hospital lock a second time. He 
was in the hospital for three weeks, and then stayed five weeks 
at the hotel, unable to work. He could not walk for seven weeks 
after the onset, and had incontinence of urine and feces until a few 
months before being seen in October, 1910. At that time urination 
and defecation were still precipitate, and he still had some weakness 
and pain in the legs. He could not hear watch-tick when the watch 
was in contact with the left ear; barely heard it in the right ear. 
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Knee jerks were normal or slightly exaggerated. Right ankle jerk 
was absent (left not tested). He did not feel pinpricks in the legs 
and hands. He said that when examined at the hospital at 
Ilibbing he could not feel pinpricks. 

When seen again, in April, 1912, he had not been in compressed 
air since the previous examination. He had worked some, but was 
troubled with pain in the right leg and occasional incontinence of 
urine and feces; of the former, especially after drinking beer. The 
right leg sometimes “gave way” when he walked, but recovered 
after a brief rest. The right ankle was considerably stiffened, while 
there was normal range of motion in the other joints. There is now 
distinct analgesia only of the outer part of the left foot, and the 
outer aspect of the lower third of the left leg. No Romberg sign. 
Blood pressure equals 100 mm. of mercury. 

A'-ray examination by Dr. Hollis E. Potter fails to show any 
bony change to account for the stiffness of the right ankle. There 
is no change in the tibia within an inch of the ankle-joint, but 
from this level and extending upward there are irregularly shaped 
islands of atrophy and of sclerosis in the interior of the bone. 
There is also mushrooming of the anterior portion of the astragalus 
into the scaphoid, resulting in flat-foot. 

Group B. Very Limited Persistent Cord Lesions. 

Case IV (Illinois report. Case 110).—Two attacks in 1S96; 
permanent sensory loss in left ring and little fingers. 

Male, aged fifty-two years. About 1S96 he worked for six months 
in compressed air at the Sixty-eighth Street Tunnel in Chicago. 
He had two attacks. The first one occurred after coming out 
from a pressure of twenty pounds. He had severe bursting sensa¬ 
tion in the head, nosebleed, ringing in the ears, and dizziness. On 
returning to compressed air he was considerably relieved, but 
on coming out the second time the ring and little fingers of the 
left hand became numb. He could move them, but they were 
evidently analgesic, as four months later a piece of flesh was acci¬ 
dentally torn out of the little finger without causing him any pain. 
The right heel also became numb in this attack, and remained so 
for about six months. He stayed away from work one week. The 
second attack occurred a month later, and consisted of similar 
sensations in the head. He again improved on returning to com¬ 
pressed air. The condition of the affected fingers and heel was 
not changed by this attack. He lost two shifts. A few years 
later he worked on the Oak Street Tunnel, and had no trouble 
except that he was “blocked” a few times. He quit compressed- 
air work and now works at a pumping station. 

Examination in 1910 revealed diminished tactile, pain, and 
temperature sense of the left ring and little fingers, and of the 
ulnar side of the hand and forearm, more so on the extensor surface. 
The' wrist, elbow, knee, and ankle jerks were normal. The watch- 
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tick was heard at eight inches on the left side, twelve inches on the 
right side, and he is now in good health. 

When reexamined in June, 1912, he still complained of “sleepy 
feeling” in the same fingers and in the ulnar portion of the hand. 
The anesthesia remained, and there was also loss of the sense of 
passive motion in the affected fingers. 

Case V (Illinois report, Case 107).—Attack of pain in right 
hand and forearm in 1898; persistent analgesic area on forearm. 

Male, aged thirty-nine years. In 1898 he worked on the Sixty- 
eighth Street Tunnel, Chicago, and after working three months he 
had an attack while at work, at a pressure of eighteen to twenty- 
four pounds. He was taken with pain in the fingers of the right 
hand, which ascended to the elbow', and was very severe. He 
went out through the lock in three or four minutes, W'hich was 
unusually slow', and then became dizzy and had ringing in the 
ears. The pain remained about the same and lasted for five weeks. 
He went to w ork after ten weeks, but not in compressed air until 
working on the Thirty-ninth Street Tunnel about three years 
later. The pressure here generally was twelve pounds, and he had 
no trouble. 

The right arm has been a little weak ever since the attack, and 
occasionally there is a “stitching” pain in it after a hard day’s 
work. On examination the arm reflexes and tactile sensation in 
the arm are normal, but there is an analgesic area in the inner half 
of the upper third of the anterior surface of the right forearm. 
Knee and ankle jerks increased without clonus. Watch-tick 
heard at four inches in the left ear, ten inches in the right ear. 

When seen again in March, 1912, he said he had been forced 
to give up his work as a bricklayer’s tender because heavy lifting 
would cause pain and subsequent “falling asleep” of the right 
arm from the elbow' down. 

Three other cases of this kind will be placed in Class III on 
account of the more important joint lesion (Cases XII, XIII, XV). 

Group C. ‘ Cases of Ordinary More or Less Extensive “ Caisson 
Myelitis . ” 

Case VI (Illinois report. Case S).—Onset in 1890; persistent 
pain in the legs and precipitate micturition; changes in the reflexes. 

Male, aged fifty-four years. First seen in July, 1910. He w orked 
under compressed air on the Four Mile Tunnel, Chicago, from 1890 
to 1893, and had charge of the bricklaying. He had the “bends” 
three times. The first time after an eight-hour shift he came out 
from a pressure of twenty-two pounds in two or three minutes, 
although he had been advised by the engineer in charge to spend 
ten minutes; but this precaution was seldom taken. In half an 
hour he was taken with severe pain in the knees, shoulders, and 
wrists, became dizzy, fell down in the street, and w r as picked up 
I> 3 ' a policeman, w r ho thought he was drunk, until informed to the 
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contrary by other workmen. He returned to work the next day. 
The second attack was similar, starting with pain in the knees, 
then he was dizzy and slightly dazed. He returned to work the 
next day. The third attack came on one-half hour after less than 
five minutes’ decompression after an eight-hour shift in pressure of 
thirty-three to thirty-five pounds. He was attacked with dizzi¬ 
ness and pain in the knees. Was taken home, stayed in bed for 
about thirty-six hours, was not clear mentally, sat up in bed, and 
“mumbled.” He returned to work in a week, but the legs were 
weak and aching and the back was painful on stooping. There was 
no sphincter disturbance at first, but in a few weeks he developed 
precipitate urination, which grew worse and became permanent. He 
had to give up work, and was a patient in the Cook County Hospital 
from February to May, 1S95. His case then seemed to have 
attracted considerable attention. He has never recovered, has 
suffered much pain, and walks very poorly. Has not been able 
to work at his trade since then, and has been idle most of the time; 
but at the time of examination had an easy position as night watch¬ 
man. He was in perfect health before working m compressed air, 
but has been a heavy drinker. On examination there is found 
opacity of the left cornea. The right pupil reacts to light. Hear¬ 
ing in the right ear is defective, the watch-tick only being heard 
on contact. In the left ear it is heard at three inches. He cannot 
get the right heel down to the floor except when the left heel is 
raised. The left knee jerk is considerably exaggerated, but the 
right is about normal. Both ankle jerks are diminished, the left 
more. so. Arm reflexes normal. Sensation normal. He died 
suddenly in 1911. . 

Case VII (Illinois report, Case 155).—Four attacks of “bends,” 
one associated with transient paralysis of both legs and retention 
of urine. Increased reflexes and sensory disturbance. 

Male, aged twenty-four years, was seen in November, 1910, 
at St. Louis, where he was working in caissons for the new bridge. 
He had worked in compressed air since 1903. The first attack 
was in 1907, and came on after working at a pressure of twenty- 
two pounds. The decompression lasted seven minutes, and ten 
minutes later he was taken with severe pain in the left knee. He 
was well in two days and had the second attack six months, later, 
after coming out from a pressure of twenty-eight pounds in ten 
minutes. He had pain across the abdomen, and “knots” formed 
in the abdominal muscles. Both legs were paralyzed for two hours 
and he had to be catheterized for two weeks. For the next six 
months there was some dribbling of urine, and since that time the 
legs “fall asleep” easily. He returned to work in a month and 
worked two three-hour shifts at a pressure of thirty pounds in 
one day. After coming out from the second half in ten or twelve 
minutes he was immediately taken with pain in the abdomen. 



534 BASSOE: LATE MANIFESTATIONS OF COMPRESSED-AIR DISEASE 


lie took a bath and was then suddenly attacked with extreme 
dizziness, tinnitus, and nausea. He could not see plainly; every¬ 
thing seemed to whirl around. He did not vomit until a physi¬ 
cian gave him medicine, which he thinks was an emetic. He was 
in the hospital for ten days; could walk after four days, but some 
dizziness remained for two months. Tinnitus and complete deaf¬ 
ness were present the first three days, and hearing has never been 
normal since. Then he had a couple of attacks of “bends” while 
working on two bridges in Arkansas. The first one was sh'ght and 
affected the hips; the second one was rather severe, affected the 
left arm, and he did not fully recover for a week. Since February, 
1910, he worked on the bridge at St. Louis, and in April, while 
working two daily two-hour shifts at a pressure of forty pounds, 
he had an attack. Decompression lasted fifteen minutes, follow¬ 
ing which he was taken with pain in the left hip, which lasted 
all night, and finally, was relieved in the hospital lock, but he had 
to go in and out four times. Aside from these definite attacks he 
has frequently had some burning in the skin of the abdomen and 
of the left arm after coming out. This has occurred as a regular 
thing when the pressure was high. He has also frequently been 
dizzy for about ten minutes after coming out. 

Watch-tick heard in right ear at three feet; in the left ear not 
heard on contact, but C-2 tuning-fork is heard. Both knee and 
ankle jerks are exaggerated, and there is reduced pain sensation 
in the left leg. 

In this connection the following case is of interest as showing 
how repeated attacks with severe acute symptoms may fail to 
produce any permanent disease: 

Case VIII (Illinois report, Case 147). 

Male, aged thirty-six years; foreman. Seen at St. Louis in 
November, 1910, where the following record was made: Has 
worked in compressed air for ten years, much of the time as fore¬ 
man or superintendent; has made his own rules, and has stayed 
much longer in and come out more quickly from the compressed 
air than the ordinary' laborers are permitted to do. 

The first attack occurred at Canadian, Texas, in 1905. He 
stayed in a caisson, which had sunk, for one and a half hours at a 
pressure of fifty-three pounds, and came out in about five minutes. 
Then stood out in the cold air for a while, and after fifteen minutes 
suddenly became paralyzed from the waist down. He had no 
pain, could not move the legs for eight days, had to be catheterized 
for ten days, and required enemas to move the bowels. He then 
improved rapidly, but had severe pain in the knees and ankles 
for four days after recovering from the paralysis. He had full 
control of the bladder after the retention ceased, but there was 
burning on micturition for some time. The catheter had not been 
boiled, and had been passed by a "sand-hog.” The next attack 
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occurred in Arkansas one year ago, after lie had spent twelve 
consecutive hours in a pressure of forty pounds. He came out 
as rapidly as the valve would permit, and had severe pain in the 
right shoulder for two days. He had no trouble when working on 
the Traction Bridge at St. Louis, but has had two attacks while 
working on the new bridge since last February. The first one 
occurred on the Illinois side last September. He spent seven 
hours at a pressure of fifty-one and one-half pounds, and came 
out in three and one-half minutes, while the time prescribed for 
the men was thirty-five to forty minutes. Five hours later, when 
in bed, he was taken with slight pain in the knees, and one hour 
afterward became paralyzed from the waist down. He was placed 
in the hospital lock forty-five minutes after the onset of paralysis, 
and movement returned in thirty-five minutes. He stayed in the 
hospital lock for about eighteen hours, and then was well and 
returned to work. The second attack also occurred on the Illinois 
side, on October 25. He stayed in a pressure of forty-five pounds 
for several hours, came out in three to five minutes, and half an 
hour later was taken with pain in the right shoulder. He used 
hot applications without any benefit, and two hours later he went 
to the hospital lock, where he remained for seventeen hours, during 
which he had no relief at all, and after coming out he was worse 
than before. The arm is still weak and hurts a little. There was 
no swelling. Reflexes and sensation in both arms normal. Knee 
jerks brisk. 

Class II. Cases of Permanent Joint Disease of the Type 
of Arthritis Deformans. 

In the course of this investigation several cases were observed 
in which chronic arthritis of one or more joints had developed as 
a sequel of “bends” in the vicinity of the joints affected. The 
liistories are so explicit on the point of the origin of the joint trouble 
in attacks of articular pain immediately following exposure to 
compressed air that it seems an etiological relationship must exist. 
In some of the cases (XII, XIII, XV) acute cord symptoms as 
well as persistent ones were present, so as to make it possible that 
we are dealing with the osteoarthropathies previously considered, 
while in others it seems simpler and more reasonable to assume 
that the joint changes are the result of trauma to the articular 
structures by the local liberation of air—a well-recognized and 
common phenomenon. 

Case IX (Illinois report, Case 47). —Typical arthritis deformans 
of right hip; onset in 1899 after working only two shifts. 

Male, aged sixty-nine years; carpenter. Twenty years ago he 
worked on the Four Mile Tunnel in Chicago without trouble. 
Eleven years ago he did some carpenter work in the Oak Street 
Tunnel and worked two eight-hour shifts under a pressure of about 
thirty pounds, from which he came out rapidly. On the way home 
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from the last one lie was taken with pains in the legs, which became 
extremely severe and lasted all night. He says that he was blue 
all over the body and the physician could not feel his pulse. The 
blueness disappeared after rubbing the skin. He went to work 
in four days, but the legs were weak, especially the right one. 
He has walked lame ever since on account of pain, which is chiefly 
felt in the right groin, and especially comes on when he starts 
walking. A year after the onset he saw the late Dr. Christian 
Fenger, who put on an extension apparatus for ten weeks. Then 
he felt worse and had to use crutches for a year. He has not worked 
since this time. He never had any rheumatism, and was in good 
health before this occurrence. The knee jerks are brisk and the 
ankle jerks normal. Sensation and plantar reflex in the right leg 
normal. He had no sphincter disturbance, but now has to get 
up at night to urinate. There is an apparent lengthening of the 
right leg, which he says has been present ever since the extension 
apparatus was used. 

Dr. Hollis E. Potter took an ar-ray picture of the right hip and 
reports the findings as follows: “All changes are compatible 
with an arthritis deformans of the hip-joint, namely: The head 
of the femur is flattened and mushroomed; the neck of the femur 
appears shorter and wider; cartilaginous space decreased; osteo¬ 
phytes laid down at edges of cartilage, acetabulum, and head of 
femur. ” 

The above notes were made in October, 1910. When last seen 
in May, 1912, the condition of the hip remained the same. The 
distance from the anterior superior spine to the inner malleolus 
was the same on both sides, but that from the umbilicus to the 
inner malleolus was 1.5 cm. greater on the right side. There was 
limitation of motion in the right hip in all directions. 

Case X (Illinois report. Case .115).—Attack of “bends” in 
1901, at once followed by pain in the right knee and a couple of 
years later by pain and stiffness of the right hip. Typical advanced 
arthritis deformans of the latter. 

Male, aged forty-eight years. In 1901 he worked on the Thirty- 
ninth Street Tunnel without trouble. Then in Cincinnati for three 
months in 1902. His first shift was six hours at a pressure of fifty 
pounds. He came out through two locks, spending five minutes 
altogether. One and a half hours later he was taken with severe 
pain in the right knee, chiefly located at the inside of the patella. 
It was severe for three days. Neither hospital lock nor a bath¬ 
tub was available. He has had more or less pain in the right knee 
ever since. He became unable to bend the knee fully, and could 
only walk a few blocks. He worked as a bricklayer until 1905, 
and since then has been a masonry inspector for the city. He has 
been in compressed air occasionally, but has had no further attack. 
Two or three j'ears after the acute attack he also developed pain 
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in the right hip, and this joint gradually became stiff. He has 
been considerably better during the last one and a half years, and 
ascribed the improvement to massage. Examination revealed 
marked limitation of motion in the right hip. The knee and ankle 
jerks are exaggerated, slightly more so on the right side. Sensa¬ 
tion in the lower extremity is normal, but he complains of occa¬ 
sional sensation of pins and needles in the soles of the feet, and 
sometimes the fingers become white and feel a little numb. When 
standing long the pain in the hip and knee gets worse, and the 
thigh feels numb. X-ray picture of the hip taken by Dr. Max 
Reichmann in 1912 shows the joint partly obliterated by bony 
hypertrophy along the acetabular margin and at the base of the 
head of the femur. There is plastic overgrowth of bone at the 
upper margin of the neck. There is slight upward wandering of 
the acetabulum compatible with shortening of one-half inch. 
The condition is typical of advanced arthritis deformans of the 
hypertrophic type secondary to an atrophic state. 

Case XI (Illinois report, Case 72).—Attacks of bends and 
vertigo in 1905; since then repeated joint swellings; x-ray find¬ 
ings typical of arthritis deformans in knees and ankles; areas 
of atrophy and sclerosis of bone in right fibula. 

Male, aged forty-one years. In 1905 he worked for nearly a 
year as timekeeper at the East Boston Tunnel. Pressure variable; 
maximum, twenty-six pounds. After working ten weeks he had his 
first attack after coming out from a four-hour shift at a pressure of 
twenty-six pounds in eight or ten minutes. Immediately after exit 
he was taken with dizziness, bleeding from nose, ears, and eyes, pain 
in the knees and ankles, and across the small of the back. He was 
taken home in a carriage and stayed in bed for four weeks, during 
which the pain was continuous and severe, especially in the back. 
He could move the legs, but could not get up on account of the 
pain. Urination was slow, followed by dribbling, and has remained 
so. Sexual power not affected. Some dizziness and tinnitus, 
especially on right side, have persisted. He returned to work in 
six weeks, but could do very little. Two weeks later, after coming 
out in ten or twelve minutes from a pressure of twenty-four pounds, 
he was again taken with dizziness, nosebleed, and pain in the 
knees and back. Stayed in bed three weeks. After another week 
he went to work, but never returned to compressed air, and has 
worked as a salesman and insurance agent. He has become gener¬ 
ally nervous, suffers considerably from pain in the back and knees, 
headache, and tinnitus, the latter particularly during colds. Occa¬ 
sionally there is swelling of the knees and ankles, all of which 
joints became swollen within a few hours after exit from the lock 
at the time of the attack. These joints now become swollen about 
once a month, usually all four at a time, and the swelling lasts 
from a few days to two weeks. 
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The watch-tiek is heard in the right ear at six inches, left ear ( 
at twelve inches. Knee and ankle jerks normal. There is much 
tenderness about the knees and a grating is felt when the patellae 
are moved. 

When last seen, June, 1912, he stated that he had been in bed 
for a month during the winter on account of pain and swelling of 
the knees, ankles, and hands. Grating in the knees, especially 
the right one, was still present. 

X-ray pictures of the right knee, as interpreted by Dr. Hollis 
E. Potter, show deposition of bone at the upper anterior surface 
of the patella, “lipping” of the tibia anteriorly, and external 
displacement of the tibia on the femur, the joint surfaces not 
being in perfect apposition. The right ankle shows fragments of 
bone at the extreme lower end of the fibula, but it is not clear 
whether they are derived from the fibula, astragalus, or ossified 
ligaments. The lower half inch of the fibula shows irregular areas 
of atrophy and sclerosis. The left ankle shows little change, 
merely slight atrophy of the extreme tip and inner surface of the 
fibula adjacent to the astragalus. The hands show no changes. 

Case XII (Illinois report, Case 111).—Attack of “bends” in 
1896, both shoulders affected; now pain and stiffness of left shoulder; 
anesthesia over left scapula; x-rays show arthritis deformans of 
left shoulder. 

Male, aged forty-three years. First seen in October, 1910. 
About twenty years ago worked as a bricklayer on the Four Mile 
Tunnel, Chicago. Pressure eighteen to twenty-one pounds. He 
worked seven and a half hours a day at one stretch. One attack 
occurred after coming out in three to three and a half minutes. 
He first had twitching in the muscles of both arms, and half an 
hour later severe pain in the same locality, which lasted for about 
eight hours. The next attack occurred in 1896, after he had been 
working for two weeks on the Cleveland Tunnel. He came out 
in about two and a half minutes from a pressure of thirty-four 
pounds, in which he had worked continuously for nine hours. At 
once he was taken with severe pain in the chest and both shoulders. 
He went back in the lock for two hours, during which he was 
relieved, but after coming out the second time in four or five minutes 
the pain returned. Then he was again relieved by staying in a 
warm bath for six hours, but the pain returned and lasted about 
four days. He then returned to work and had no pain while in 
compressed air, but ever since this attack he has frequently had 
twitchings and pain about both shoulders and across the chest, 
when not in compressed air. The trouble is now diminishing, and 
he only has it occasionally, when resting after a hard day’s work. 
It is nowr only felt in the left shoulder. He is now* a sewer inspector. 
He had no rheumatism of any kind before this attack. He denies 
syphilis, but admits gonorrhea. Examination revealed consider- 
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able limitation of movement in the left shoulder. He cannot 
raise the arm fully to the vertical position. The arm reflexes are 
normal. There is a triangular area of tactile anesthesia above 
the spine of the left scapula. The temperature sense is also dimin¬ 
ished in this area and downward to the level of the angle of the 
scapula. Pain sense is lost in the triangular area, but is not affected 
as far downward as is the temperature sense. Sensation on the 
arm and chest normal. 

When reexamined in 1912 the findings were practically the 
same, the anesthetic area extending from the edge of the trapezius 
nearly to the angle of the scapula. 

X-ray examination of the shoulder by Dr. Max Reiclimann 
shows the head of the humerus to be enlarged and porotic. There 
is great irregularity in the joint surfaces, and the rim of the glenoid 
cavity is greatly overgrown with bone. 

Case XIII (Illinois report, Case 5). —Pain in legs and paralysis 
in 1897. Limitation of motion in hips. Articular pains since 
onset. Altered reflexes. 

Male, aged forty-eight years; bricklayer. In 1897 he worked in 
compressed air during the construction of a water tunnel at Rock¬ 
ford, Illinois. The pressure was thirty-nine pounds, and he worked 
in two long periods. He thinks decompression lasted about five 
minutes, as only a one and one-half inch valve was used. After 
coming out from his third shift he was immediately taken with 
pain in the legs, walked to his boarding house, became paralyzed 
in the legs, and was taken to a hospital in Rockford, where he 
remained for three days, during which there was much pain. He 
was then taken back to Chicago, but could not walk at all for six 
months. During this time he could move the legs a little, but every 
movement caused pain and the muscles often felt “as if tied in a 
knot.” There was no sphincter disturbance at first, but about a 
year and a half later micturition was slow and rather painful for a 
time. He has never been entirely free from pain since the acute 
attack, and had to give up bricklaying altogether. The pain 
affects the knees, thighs, and hips, and is generally worse in the 
autumn of every year. He has done a little work as inspector for 
the city and some light work in tunnels, but recently he has been 
quite lame and unable to do any work. Of late he has had con¬ 
siderable edema of the legs. 

The pupils are equal and react normally. The knee jerks are 
slightly increased. The ankle jerks cannot be obtained, while 
the wrist and elbow jerks are increased. Abdominal and cre¬ 
master reflexes normal. Sensation normal. Considerable stiffness, 
pain, and limitation of movement in both hips. The strength in 
the muscles of the legs is fair. Heart normal. The urine contains 
considerable albumin. 
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Case XIV (Illinois report, Case 5S).—In 1S99 attack of pain 
in legs, vertigo; rupture of car drum and persistent deafness; 
left knee still painful. 

Male, aged forty-three years. Seen in October, 1910. He first 
worked under a pressure of nine to fifteen pounds on the Illinois 
Tunnel in 1899. On one occasion, when the pressure was nineteen 
pounds, he had a bursting sensation in the ears while in the lock, 
and had bleeding from both ears, nose, mouth, and eyes. He 
became extremely dizzy and partly unconscious; was carried out 
and taken to the Polyclinic Hospital, where he stayed for three 
days, during which time he was very dizzy. The left drum was 
found to be ruptured; the bleeding lasted for about an hour and 
a half, when there was purulent discharge from the. left ear for 
six or seven months. He also had pain in the limbs and back, and 
had to be helped to raise himself in bed. He had much backache 
for four months, and there was left tinnitus, like the ringing of 
bells, for two years. Hearing in the left ear has been lost ever since. 
Three years ago he worked in compressed air at Clinton, Iowa, 
but he had to give it up on account of dizziness and queer feeling 
in the head. Both knees, especially the left, have been quite stiff 
ever since his first attack. He had then returned to work in six 
months, shoveling earth, but had to quit in less than a week on 
account of pain in the knees, arms, and back. The left knee now 
is painful on passive movement and on tapping the patella. The 
knee jerks are normal. The left ear is totally deaf, not even a C-2 
tuning-fork is heard. Watch-tick heard in right ear at one foot. 

Case XV (Illinois report, Case 160).—Ear trouble since 
“blocked” in 1898; three attacks of “bends” in 1901; still often 
pain in knees and ankles; z-ray of left knee shows islands of 
sclerosis in tibia and thickening of surface of tibia; diminished 
sensation and decreased reflexes in legs. 

Male, aged thirty-five years. First seen in October, 1910. In 
1898 he worked on Illinois Tunnel, under a pressure of eighteen 
pounds. Bled from right ear when going through lock the first 
time. He returned to work the next day, but had tinnitus for a 
week, and the right ear has been slightly deaf ever since. When¬ 
ever he had a cold this ear would trouble him when he went into 
compressed air. In 1901 he worked for one year in Cleveland, 
Ohio, "Water Tunnel, where he had three attacks. The first one 
occurred after he had been working for three weeks. One hour 
after very rapid decompression following an eight-hour shift at 
thirty-seven pounds he was taken with pain in both legs, “like a 
sword tearing up and down the flesh,” which lasted eighteen hours. 
He was out of his head on account of the pain—“would have 
killed himself if he had the chance.” He was given plenty' of 
hot whisky, and returned to work in five days. Two other men 
were affected at the same time. The second attack occurred three 



bassoe: late manifestations of compressed-air disease 541 

weeks later, after quick decompression following an eight-hour 
sliift at twenty-seven pounds. He returned to the lock on account 
of severe pains similar to those of the first attack, and improved 
rapidly. Went out again slowly aud was able to return to work 
the next day. Four weeks later he had the third attack, which 
came on less than one hour after coming out rapidly from a pres¬ 
sure of twenty-seven pounds. He had to go to a cold room, although 
according to the rules, a warm one should have been provided. 
He had pain like that of the previous attacks. 

In 1907 he worked for three months at Clinton, Iowa. In the 
course of the work the pressure was gradually raised to twenty- 
seven pounds. After coming out from a four-hour shift with wet 
feet, on account of le akin g boots, he was taken in three-quarters 
of an hour with the same kind of pain as before. He returned to 
the lock, remained one hour, came out slowly, and was well. He 
did not return to work there, but in 1909 he worked on the 
Northwestern Depot, Chicago, under a pressure of about eigh¬ 
teen pounds. He was “blocked” a few times, but had no 
other trouble. 

He now works in open caissons and is in good health, with the 
exception that the legs are often stiff in damp weather. He never 
had this trouble before the attack of “bends.” 

Watch-tick heard at one and one-half inches in the right ear; 
four inches in the left. 

When seen again, June, 1912, he still complained of pain in the 
knees and ankles in changeable weather, “in the same place where 
he had the bends.” The knee and ankle jerks were sluggish, and 
both tactile and pain sense seemed to be reduced from the knees 
down. The patient has seven children, and denies venereal disease. 

Dr. Hollis E. Potter made an x-ray examination of the knees. 
Two inches below the left knee-joint there are changes in the 
spongy tissue of the tibia in the shape of irregularly branching or 
stellate islands of sclerosis. Dr. Potter is of the opinion that this 
appearance is caused by a reconstruction of the bone following 
an atrophic process. There is also a bulging thickening in the 
surface of the tibia just below the head of the fibula. The right 
knee shows no change. 

Class III. Ear Affections. 

As stated, 87 of the 161 men gave a history of ear affections, 
and 65 have more or less impairment of hearing; 33 complained 
of dizziness. Rupture of the drum, which, according to the large 
experience of Koch 5 and of Chrabrostin, 4 is rare, was said to have 
occurred in our Cases HI and XIV, related elsewhere in this paper, 
and in one other case. However, we only have the patient’s state- 

1 Fcstschr. Fricdr. Wilhelrasinst, Berlin, 1895. 

* Official Report on Work under Water to Russian Navy Department, 1882. Cited after 
Heller. Moser, and Scliruttcr: Die Luftdruckerkrankungen. 
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ment that they were so informed by some doctor, who might have 
drawn the erroneous conclusion that hemorrhage from the meatus 
indicated rupture of the drum. Such hemorrhage had taken place 
in a large number of cases. 

Eight of the men wdth more or less marked permanent deaf¬ 
ness were referred to Dr. G. W. Boot for otological examination. 
In every one a diagnosis of labyrinthine deafness was arrived at. 
In five of these men marked nasal obstruction was present, caused 
by deflected septum or enlarged turbinates, which furnishes a 
reason for the liability of these men to be “blocked” on entering 
the caissons. Four of them state distinctly that the ear symp¬ 
toms came on after decompression, which harmonizes with the 
labyrinthine character of the deafness. However, according to 
Heller, Mager, and Schrotter, 5 the general experience has been 
that “decompression is of no importance in caisson workers when 
the ears are healthy.” The presence of nasal obstruction in so 
many of our men therefore becomes significant, as the ears may 
have been diseased beforehand, and as such obstruction would 
render equalization of pressure by means of free passage of air 
through the Eustachian tubes extremely difficult. 

Case XVI.—Eighteen years ago partly “blocked” on entrance; 
after decompression pain in ear, vomiting, vertigo, total deafness 
for a time; persistent tinnitus and partial deafness. 

Male, aged thirty-six years. In 1894 he was partly “blocked” 
on entering a pressure of twenty-seven pounds. Two and a half 
hours after coming out he was taken with pain in the left ear, 
vomiting, vertigo, and delirium. He was delirious for several days, 
during which there was considerable bleeding from the left ear, 
and later discharge of pus. There was total deafness at first, but 
soon hearing was partly restored. He has never been in compressed 
air since then. Left-sided tinnitus has persisted, and he often 
feels dizzy. Dr. Boot examined him in June, 1912, and reports: 

“Whisper in right ear heard at 30 cm.; in left ear loud whisper 
only heard close to the ear. Bone conduction much shortened. 
Weber to the left. Low limit: Hears 32 with each ear. C-4 
shortened in the left ear. Upper limit: R., 20,000; L., 19,000. 
Throat normal. Nasal septum deflected to the right. Right 
tympanic membrane lusterless, position normal. Left retracted, 
luster good. Irrigation of the right ear with cold water gives rotary 
and horizontal nystagmus to the left. Irrigation of the left ear 
with cold water gives rotary and horizontal nystagmus to the right, 
chiefly rotary. Hearing improved bj' inflation. Diagnosis: Tubal 
occlusion; labyrinthine deafness. ” 

No further discussion of the ear findings in these cases will be 
given here, as Dr. Boot will publish a separate article on this 
subject in the near future. 


* Loc. cit., p. 1003. 



